Comparison of Curie temperature for different LSMO/STO heterostructures
including two representative samples discussed in the main text: trilayer sample T2 and superlattice sample SL15, and two other superlattice samples SL15-2 and SL15-3 with 7 u.c. and 11 u.c. LSMO layer respectively. Figure S1 shows the curie temperature of LSMO/STO heterostructures as a function of the thickness of LSMO layers, ranging from 20 u.c. to 4 u.c.. The curie temperature decreases as the thickness of LSMO layer is reduced, and finally display a dead-layer behavior at a thickness of 4 u.c., which is in good agreement with previous reports.
Quantitative STEM image calculations:
Figure S2 Quantitative STEM-ABF and HAADF image calculations using QSTEM 1 of orthorhombic LSMO in <110>pc and <100>pc zone axis orientation, at the typical thickness of 15 nm and 20 nm, respectively. The subscript pc stands for pseudo-cubic setting.
In order to choose the best crystal orientation for the oxygen octahedral observation in orthorhombic LSMO structure of a It is noteworthy that, during the experiments, we found it always easier to visualize the oxygen atoms at the <110>pc zone axis than <100>pc. In order to understand this phenomenon which would be practically useful for ABF studies, a quantitative comparison of the ABF imaging intensity profile for La, Mn, O atomic columns are also shown in Fig. 1S right plane for each thickness. Considering the perovskite atomic structure, the density of oxygen column is 1/a at the <100>pc axis (a is the lattice parameter of the pseudo-cubic structure), the same as the A/B site columns. However, at the <110>pc zone axis, the oxygen density rises up to ~1.4/a while the density of A/B cation column decreases to ~0.7/a, indicating a better oxygen contrast. Unlike the Z-contrast HAADF imaging, the contrast formation in ABF imaging is a complex combination of phase-contrast and mass-thickness contrast, thus the propagation intensity of the atom columns is only partially related to the atom density of column. In our particular case, from the quantitative profile of each element columns, one can extract that the heavy La (Z=57) column doesn't change much with the change of thickness or orientation.
Meanwhile, the intensity of Mn columns change apparently with orientation, exhibiting a smaller intensity (less dark) in <110>pc zone axis orientation. The oxygen columns don't differ much between the two orientations at the thickness of 15 nm, however, the difference does show up at a thickness of 20 nm with an enhanced intensity for the <110>pc zone axis.
Therefore, the oxygen contrast as referred to its neighboring Mn columns is greatly improved in <110> pc zone axis orientation and further strengthens with the increase of thickness, which is probably due to channeling effects along and between Mn and O columns. Thus, as a general rule, <110>pc is a better axis for oxygen observation. 
EELS analysis of the LSMO-STO superlattice

